Associations between socioeconomic status and radiographic and symptomatic knee osteoarthritis in the osteoarthritis initiative  by Baldassari, A. et al.
Table 1
Adjustedy odds ratios (OR) and 95% conﬁdence intervals (CI) for the association
between SES measures and an increase of 02 in the HAQ score at ﬁrst follow-up
Baseline SES
Measure
All individuals with
Knee and/or Hip
OA (n ¼ 600) OR
(95% CI)z
Individuals with
only Hip OA
(n ¼ 39) OR
(95% CI)x
Individuals with
only Knee OA
(n ¼ 277) OR
(95% CI)U
<HS Education 1.86 (1.14–3.04) 2.01 (1.14–3.53) 1.79 (0.88–3.67)
No Homeownership 1.62 (1.00–2.63) 1.65 (0.93–2.91) 1.61 (0.78–3.33)
Income <$30k 1.62 (0.81–3.22) 1.45 (0.69–3.08) 0.92 (0.35–2.44)
Non-Professional
Occupation
0.88 (0.53–1.45) 0.84 (0.48–1.49) 0.99 (0.47–2.11)
Block Group
Poverty >20%
1.35 (0.87–2.11) 1.57 (0.93–2.64) 1.02 (0.54–1.93)
yMutually adjusted for race, education, home ownership, income, occupation,
poverty
zAdditionally adjusted for age, gender, hip, & knee injury, BMI and smoking
xAdditionally adjusted for age, gender, hip injury, BMI and smoking
UAdditionally adjusted for age, gender, knee injury, BMI and smoking
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plan a sustainable, integrated OA care system.
Methods: The decision-support tool is based on a system dynamics (SD)
simulation model of patient ﬂow across the continuum of care, from
self-directed, primary and specialist care, through surgical inter-
ventions, post-surgical follow-up and long-term revisions. This simu-
lation model was developed using established principles of SD
modeling and an iterative, integrated knowledge translation process
which included multiple workshops with front-line clinicians and
administrators aimed at deﬁning the problem and system boundaries
and documenting existing care processes. We then modeled the system
as a series of stock and ﬂows, populated, calibrated and validated with
data extracted from several administrative health databases including
physician claims (billing), hospital inpatient records, and ambulatory
care data.
Results: The resulting SD model estimates the patient population
stratiﬁed by demographic factors such as age and gender, their OA care
resource requirements and the associated costs at each stage of care
over a 20-year time horizon, taking into account regional variations in
practice patterns. In the base case, the model demonstrates system
behaviour and outcomes based on current practice, providing insight
into ﬂow, resource use and cost variations across patient populations
and care settings, as well as the long-term implications of maintaining
the status quo. For example, if current practices continue, the number of
hip and knee joint replacement surgeries is estimated to increase by
more than 5,000 per year between 2015 and 2035. By changing any of
the numerous patient ﬂow, stage duration, resource use and cost
parameters included in the model, it can also be used to simulate var-
ious scenarios, enabling comparison of their outcomes. For example, in
a scenario inwhich a 14 week surgical wait time is implemented in year
2015, the results show that the number of surgeries that must be per-
formed dramatically increases by almost 600 in the ﬁrst year due to the
need to “catch-up” on the existing surgical queue. However, this spike is
short-lived and surgery rates in the long-term are similar to those
which would have been required without the wait time target. Fur-
thermore, the costs of performing the additional surgeries required to
maintain the target are increasingly offset by the savings achieved by
lower demand for care among patients waiting for surgery due to their
shortened wait time.
Conclusions: Our SD model can be used as a decision-support tool to
estimate changes in health care demands, resource requirements and
costs over time and as a result of implementing various OA manage-
ment scenarios. Furthermore, these results can help policy makers to
make informed decisions when planning a sustainable OA care system.
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PROGRESSION OF DISABILITY IS ASSOCIATED WITH
SOCIOECONOMIC MEASURES IN THE JOHNSTON COUNTY
OSTEOARTHRITIS PROJECT
R.J. Cleveland, J.B. Renner, J.M. Jordan, L.F. Callahan. Thurston Arthritis
Res. Ctr., Univ. of North Carolina-Chapel Hill, Chapel Hill, NC, USA
Purpose: Few studies have investigated whether socioeconomic status
(SES) is associated with an increase in disability among individuals with
knee and/or hip osteoarthritis (OA). We sought to explore whether SES
measures at baseline were associated with progression of disability at
follow-up in the Johnston County Osteoarthritis Project (JoCo OA).
Methods: Analyses were carried out using baseline SES measures for
individuals with knee and/or hip OA aged 45 or older who entered the
cohort during the original study enrollment (1990–1997) and disability
progression of individuals who returned at ﬁrst follow-up (FU; 1999–
2003). SES measures included education (no high school diploma [HS]
vs. HS diploma or more), homeownership (none vs. own home), occu-
pation (non-professional vs. professional), annual household income
(<$30,000 vs. $30,000) and block group poverty (20% vs. <20%).
Disability progression was assessed using the self-reported HealthAssessment Questionnaire (HAQ) Disability Index score, where an
increase of 0.2 in the HAQ score was considered progression. Odds
ratios (OR) and 95% conﬁdence intervals (CI) for the association
between SES and disability progression were estimated using logistic
regression simultaneously adjusting for other SES measures plus age,
gender, hip and knee injury, BMI and smoking.
Results: There were 600 individuals with knee and/or hip OA from the
baseline enrollment who returned at FU, with a mean follow-up of 6.1
years. The mean age was 64.0 years, 62.7% were female, 28.0% African
American, and mean BMI was 29.5 kg/m2.. At ﬁrst FU, there was
increased disability in 42.2% of individuals with knee OA and 35.5% of
individuals with hip OA. In analyses which included individuals with
knee and/or hip OA, when compared with those who had a HS educa-
tion or more, those with less than a HS education had developed more
disability at FU (OR ¼ 1.86, 95% CI ¼ 1.14–3.04) (Table 1). Similarly,
individuals who did not own their home were more likely to have
disability progression when compared with those who did own their
home (OR ¼ 1.62, 95% CI ¼ 1.00–2.63), as were those who had a
household income <$30k when compared with those who had an
income of $30k, although the association failed to reach statistical
signiﬁcance (OR ¼ 1.62, 95% CI ¼ 0.81–3.22). Most results were similar
when evaluating the association between SES measures and disability
progression among those with knee OA alone or hip OA alone. Excep-
tions being non-signiﬁcantly elevated associations for disability pro-
gression with income <$30k and block group poverty 20% among
those with hip OA alone, whereas no associations for these comparisons
were observed among those with knee OA alone.
Conclusion: Our data show that individuals with lower education, who
were non-homeowners or had lower income were more likely to have
increased disability at ﬁrst follow-up, associations that remained after
adjustment for other SES measures. Our results suggest that SES may
have an inﬂuence on increasing disability. These ﬁndings identify
potential individual attributes that could aid clinicians in developing
personalized OA management programs for their patients.378
ASSOCIATIONS BETWEEN SOCIOECONOMIC STATUS AND
RADIOGRAPHIC AND SYMPTOMATIC KNEE OSTEOARTHRITIS IN
THE OSTEOARTHRITIS INITIATIVE
A. Baldassari, R.J. Cleveland, L.F. Callahan. Thurston Arthritis Res. Ctr.,
Univ. of North Carolina-Chapel Hill, Chapel Hill, NC, USA
Purpose: There is growing evidence for socioeconomic disparities in
the distribution of osteoarthritis (OA). Our study aims to evaluate the
relationship between socioeconomic status (SES) and knee OA among
participants in the osteoarthritis initiative (OAI).
Methods: The OAI is an open-access database of 4796 participants
between the ages of 45 and 79. Knee radiographs were taken at
enrollment and scored on the Kellgren-Lawrence (KL) scale. Partic-
ipants with a KL grade greater than or equal to 2 were considered to
have deﬁnite radiographic knee OA (R-kOA), further classiﬁed as
symptomatic knee OA (S-kOA) in the presence of self-reported knee
pain, swelling, aching or stiffness in that joint over the past 30 days. SES
was determined using 6 levels of education and 5 categories of income,
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graduate degree holders and from respondents with a yearly household
income below ﬁfteen thousand dollars to those earning more than one
hundred thousand a year. Logistic regression models were used to
estimate whether lower levels of education and income increased the
odds of having R-kOA and S-kOA among Caucasian and African Amer-
ican respondents, simultaneously adjusting for age, sex, race, BMI, past
knee injury and scores on the physical activity scale for the elderly.
Results: There were 1801 (42%) men and 2450 (58%) women who had
complete information for this study who identiﬁed as either Caucasian
(82%) or African-American (18%). The mean age was 61 years, and par-
ticipants were on average in the overweight range (29kg/m2). Most
respondents (56%) had R-kOA and 28% S-kOA. OAI participants had a very
high SES compared to the national average: 31% earned a graduate degree
and 24% reported a household income greater than a hundred thousand
dollars, whereas only 3% occupied the lowest categories of income or
education. Increasedoddsof R-kOAwere found inadjustedanalyses inour
studysample (Table1) foreducational categoriesbelow ‘graduatedegrees’
(trend p ¼ 0.01), with associations peaking among individuals without a
high-school diploma (<HS). A consistent trend of greater associationwith
S-kOA for decreasing education level was likewise found (p ¼ 0.004).
Evidence for an independent association of income with knee-OA was
restricted to the presence of S-kOA at the lowest level of income.
Conclusions: Despite the overall high SES of sample participants, there
were signiﬁcant socioeconomic disparities in the presence of radio-
graphic or symptomatic knee OA at baseline in the OAI. Our analyses
suggest that the substantial socioeconomic pattern in the distribution of
knee OA extends beyond differences in BMi, physical activity, demo-
graphics or knee injury.Associations of education and incomewith radiographic and symptomatic knee
OA in the OAI
FULL COHORT
N ¼ 4251
Radiographic
Knee OA N ¼ 2335
OR (95% CI)
Symptomatic Knee
OA N ¼ 1202
OR (95% CI)
Education
< High School 2.26 (1.23, 4.16) 1.59 (1.24, 2.04)
High School 1.41 (0.99, 2.01) 1.60 (1.10, 2.32)
Some college 1.40 (1.07, 1.83) 1.38 (1.05, 1.81)
College degree 1.20 (0.90, 1.61) 1.15 (1.02, 1.31)
Some graduate school 1.32 (1.14, 1.52) 1.22 (1.04, 1.43)
Graduate degree referent referent
Income
<15K 0.96 (0.40, 2.29) 1.48 (1.04, 2.10)
15–25K 0.92 (0.56, 1.52) 1.07 (0.68, 1.69)
25–50K 0.97 (0.77, 1.22) 1.02 (0.80, 1.31)
50–100K 1.06 (0.82, 1.36) 0.99 (0.74, 1.34)
>100K referent referent379
GENERALIZED JOINT HYPERMOBILITY IN CHILDHOOD IS BOTH A
CONTRIBUTIVE AND PREDICTIVE RISK FACTOR FOR PAIN
DEVELOPMENT IN ADOLESCENCE: A COHORT STUDY
B. Juul-Kristensen y,z, O. Sohrbeck-Nøhr y, E. Boyle y,x,
J. Halkjær Kristensen k, L. Remvig k. y Inst. of Sports and Clinical
Biomechanics, Univ. of Southern Denmark, Odense, Denmark; zBergen
Univ. Coll., Inst. of Occupational Therapy, Physiotherapy and Radiology,
Bergen, Norway; xDalla Lana Sch. of Publ. Hlth., Univ. of Toronto,
Toronto, ON, Canada; kUniv. Hosp. of Copenhagen, RigsHosp.et, Dept. of
Infectious Med. and Rheumatology, Copenhagen Ø, Denmark
Purpose: Generalized Joint Hypermobility (GJH) is a risk factor for
developing musculoskeletal pain. How early pain develops, and
whether GJH without pain in childhood is a risk factor for pain devel-
opment in adolescence is unclear. The aims were to re-examine GJH
status and physical function among Danish adolescents and to inves-
tigate the association between GJH and development of pain.
Methods: The study was a cohort study within the Copenhagen
Hypermobility Cohort of 301 adolescents. All children were re-exam-
ined at 14 years of age for GJH using the Beighton tests, and for Benign
Joint Hypermobility Syndrome using the Brighton criteria. The children
were classiﬁed as either: Deﬁnition 1 <GJH4 vs. GJH4 (Beighton score
of at least 4, GJH4), deﬁnition 2: <GJH5 vs. GJH5 (Beighton score of atleast 5, GJH5), and deﬁnition 3: <GJH6 vs. GJH6 (Beighton score of at
least 6, GJH6). Painwas deﬁned as arthralgia (i.e. pain in more than four
joints for more than three months), as deﬁned in the Brighton criteria.
Physical function was self-reported and measured as motor com-
petence. Self-reported physical function was measured by the ques-
tionnaire Rheumatoid and Arthritis Outcome Score for children (RAOS-
child), a modiﬁcation of the questionnaire developed for children and in
the same format as the Knee Osteoarthritis Outcome Score for children
(KOOS-child). The RAOS-child questionnaire contains self-reported
physical function of the knee, hip and ankle, and complies with mod-
iﬁcations on the KOOS questionnaire for adults, called RAOS. Measured
physical function included performance of three motor competence
tests, focusing primarily on the lower extremities, such as muscle
explosive force, static and dynamic balance.
Results: Adolescents at 14 years of age with GJH reported signiﬁcantly
lower physical function (RAOS-child; ADL: GJH4 p ¼ 0.002, GJH5 p ¼
0.012; pain during sitting: GJH4 p ¼ 0.002, GJH5 p ¼ 0.018) and had
signiﬁcantly higher body mass index (BMI), (GJH5 p ¼ 0.004, GJH6 p ¼
0.006) than adolescents without GJH. There was no difference in
measured physical function (vertical jump height, static and dynamic
balance). GJH in childhood (8 and 10 years) was a threefold risk factor
for developing pain in adolescence, however, with wide conﬁdence
limits (GJH5: 3.00 [0.94–9.60]).
Conclusions: This study indicates a relationship between GJH and
musculoskeletal pain in adolescence, both as a contributing and a
predictive factor for pain development. Further, adolescents with GJH
had lower self-reported physical function and higher BMI, but currently
with no inﬂuence on measured physical function.
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THE PROJECTED NUMBERS OF TOTAL KNEE REPLACEMENT IN
AUSTRIA – FROM 2010 TO 2075
W. Hitzl y, M. Sattler y, F. Eckstein y,z, S. Cotofana y,z. y Paracelsus Med.
Univ., Salzburg, Austria; zChondrometrics GmbH, Ainring, Germany
Purpose: The ultimate clinical outcome of knee osteoarthritis (OA) is
total knee replacement (TKR). The growing number of older persons
(‘population greying’) will increase the number of individuals in need
for TKR. The purpose of the present study was to project the number of
TKRs together with associated costs from 2010 to 2075 in Austria. The
results from this analysis will guide discussions estimating future costs
charging the Austrian health system.
Methods: Three different sources of information were used: 1. Current
demographic information (i.e. total number of inhabitants stratiﬁed by
age and sex) and population projections between 2010–2075 were
provided from Statistics Austria (STAT), an independent, federal, non-
proﬁt organization under public law. Lower and upper bounds for the
projections were derived from three scenarios: lower (ageing)/main
(most likely)/upper (growth) scenarios are reﬂecting low/main/high
growth and ageing scenarios deducted from fertility, life expectancy
and immigration calculations. 2. Information on prevalences of TKRs
were obtained from the Austrian prothesis register. 3. TKR associated
costs were obtained from federal state health care insurances and
federal state admission agencies. This analysis assumes constant TKR
prevalences and stable TKR related costs per patient. Other factors
which might increase TKR prevalence – such as obesity, trauma – are
not included in this analysis. All estimations and projections are given
for the lower, main and upper scenarios and were stratiﬁed by age (50–
59yrs, 60–69yrs, 70–79yrs, 80–89yrs and 90þyrs) and gender.
Results: The population in Austria (evacuate in 2010) aged 50 years
was 3.1Mio (compared to 98.8Mio in the United States) and is estimated
to increase to 4.3/4.4/5.0Mio in 2075. The total number of TKRs was 18
700 in 2010 and is expected to increase to 26 300/27 300/30 500 (lower/
main/upper scenario) in 2075 (Fig. 1). Assigning current costs per TKR to
V 12 926,- (incl. mean hospitalisation duration, uncomplicated surgery,
medication, pre-/postoperative radiography, blood sample analyses,
physical therapy), the total costs in 2010 were estimated to be 242MioV
(main scenario). In detail: 50–59yrs (male/female in million V) 12.4/
18.3, 60–69yrs 29.5/52.4, 70–79yrs 31.8/66.6, 80–89yrs 9.2/21.4 and for
90þyrs 0.2/0.5. In 2075, the costs were estimated to be V 340/353/
394Mio and was expected to increase in the different strata (main
scenario): 50–59yrs by (male/female) 1%/0%, 60–69yrs 25%/18%, 70–
79yrs 65%/43%, 80–89yrs 115%/96% and in those 90þyrs 889%/358%.
Conclusions: According to the projected numbers for TKR, the total
costs associated with TKR in Austria will increase by at least 40% from
